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This invention relates to rotor lead connections for dy-
namoelectric machines, and more particularly to such con-
nections in a dynamoelectric machine subjected to ad-
verse operating conditions.

Dynamoelectric machines used on aircraft to supply
electrical power for the aircraft accessories are subjected
to a variety of adverse operating conditions, and must meet
specification requirements not encountered in normal dy-
namoelectric machine usage. For example, dynamoelec-
tric machines designed for use on aircraft must be com-
pact in size and light in weight, since both space and weight
are premium considerations in aircraft. Therefore, a rela-
tively large output is desired from a relatively small dyna-
moelectric machine. - To achieve a large output from a
small machine, it is necessary to drive the machine very
hard. - For example, one three-phase alternating current
aircraf; generator is driven at 6,000 r.p.m. to yield an
output of approximately 60 kilovolt-amperes (kva.) at
120/208 volts. Additionally, the mechanical structure of
the machine and its parts must be sufficient to withstand
continuous vibration due to the prime mover of the air-
craft, which is often of the piston type.

In normal installations of dynamoelectric machines,

where size and weight of the machines are not critical as
in aircraft machines, the connections from rotor windings
to current collector terminal posts on the shaft may merely
be extensions of the rotor coils, or may be copper conduc-
tors brazed or otherwise connected between the end of a
coil and spanning the distance to a terminal post. Inas-
much as generators used in ground installations are not
usually subjected to excessively high operating speeds,
nor are they driven at extremely high rated speeds to de-
rive a large output in relation to machine weight and size,
the brazing of copper connectors between rotor coils and
a terminal post on the shaft is acceptable practice. From
an economic and manufacturing viewpoint, it is desirable
to braze the rotor connecting leads to the rotor coils at
one end of the leads, and to braze the other end of the
rotor connecting lead to a terminal post or other connec-
tion point on the shaft, having the lead span the distance
between the rotor coil and the terminal post.
" In aircraft installations where the speed of the rotor may
be 6,000 r.p.m. and higher, the centrifugal force on the
rotor leads, which increases with the square of the angular
velocity, presents a serious problem in that copper, being
a soft metal of relatively low tensile strength when unsup-
ported, tends to elongate under stress. This elongation is
also known as “creep.” As the copper strips elongate due
to the centrifugal force, a point is eventually reached where
the strips will rupture, thereby causing loss of generator
services. Additionally, the rotor leads are subjected to
flexing and vibration due to air resistance at high rotational
speeds. In view of the high current-carrying capacity of
copper, it is desirable to use copper for the rotor lead
connections; however, the low tensile strength of copper
makes its use as rotor lead connections in high speed
machines uvnsatisfactory, where the lead is unsupported
between connection points.

Another problem presented by the use of copper rotor
leads is hydrogen embrittlement. At temperatures above
180° centigrade, copper oxidizes in dry air, and when
heated to a molten state, copper readily absorbs hydrogen,
among other gases. When copper pieces are joined in a
normal atmosphere either by torch braze or by resistance
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braze, the copper absorbs hydrogen from the atmosphere
and/or the gas used in torch brazing. The absorbed hy-
drogen works into the grain boundaries of the copper to
form a crystalline structure which hardens the copper, re-
sulting in localized brittle areas. On aircraft propelled by
piston engines, the great amount of vibration present
eventually causes fracture in and rupture of the brittle
areas of the rotor leads which leads to loss of service of
the generator.

Many attempts have been made to find a suitable rotor
lead connection for high speed generators which was not
subject to “creep” at high speeds, nor subject to hydrogen
embrittlement introduced by the heat of brazing. An
apparently obvious solution would be the use of a high
tensile strength, high-current capacity copper alloy. Vari-
ous copper alloys which have been tested have had suffi-
cient tensile strength to withstand the centrifugal forces to
which they were subjected and the flexing due to air re-
sistance, but the copper alloys were also subject to hydro-
gen embrittlement and resulting fracture due to vibration.

It is highly desirable to use copper or a suitable copper
alloy for the rotor lead connections, but due to the in-
adequacy of copper or copper alloy strips, various rotor
lead arrangements, including braided copper connectors
and specially designed channeled clips to receive a copper
connector strip in the channel for attachment to a terminal
post on the shaft have been used, but these arrangements
did not prove satisfactory due to either one or both of the
aforementioned difficulties.

The use of aluminum, a gocd electrical conductor for
rotor leads, would not be feasible due to the low tensile
strength of aluminum, and also due to the fact that a
good bond between an aluminum strip and a copper coil
can not be obtained except by the use of clamps. Further-
more, solder connections are not feasible due to high op-
erating temperatures which would weaken a solder bond.

In view of the aforementioned limitations and problems
presented by the use of conventional rotor lead connec-
tions and connection arrangements, it is a primary object
of my invention to provide a satisfactory rotor lead con-
nection for high speed dynamoelectric machines which will
withstand the application of large centrifugal and flexing
forces, and which will not rupture when subjected to
continuous vibration.

1t is a further object of my invention to provide a simple
rotor lead construction for high speed dynamoelectric
machines subject to continuous vibration that is inexpen-
sive and may be rapidly made.

In achieving the objects of my invention, I use essentially
pure nickel, a metal of relatively low electrical conduc-
tivity with respect to copper, to connect the rotor coils to
the accumulator rings. The nickel stock from which the
rotor leads are made should preferably be at least 99.8%
pure nickel. Nickel of this purity is generally referred to
as commercially pure nickel. The essentially pure nickel
strip is brazed at one end to the end of a copper rotor coil
and .the second end of the strip is brazed either to a ter-
minal post on the shaft or may be connected directly to an
accumulator ring.

The novel features of the invention are set forth with
particularity in the appended claims. The invention it-
self, however, may best be understood by reference to the
following description taken in connection with the single
drawing which is a perspective view of a portion of a
dynamoelectric machine incorporating the invention.

Referring now to the drawing, a portion of a separately
excited alternating current generator having a salient pole
rotating field structure is shown. The generator comprises
a rotor I mounted on a hollow rotating shaft 2, with
salient poles 3 having edge-wound copper field coils 4,5
and 6 thereon, which are compressively secured between
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pole pieces 7 and a surface of the rotor. Essentially pure
nickel conductor strips 8 and @ connect one of the ends
of each of field coils 4 and 5 to terminal posts 1¢ and
11 inserted in hollow shaft 2. and secured therein, prefer-
ably by mating threads, not shown, suitably insulated
from the shaft 2. Terminal posts 10 and 11 are con-
nected through conductors 12 and 13 within the hollow
shaft to accumulator rings 14 and 15 respectively, mounted
on shaft 2 and suitably insulated from the shaft 2. Also
mounted on shaft 2 is an exciter 16, shown in phantom
outline. The electrical connections of the generator,
other than the rotor leads 8 and 9, do not form part of
my invention and therefore are not illustrated. The elec-
trical connections, of course, between accumulator rings
14 and 15, and exciter 16 may be made in a usual man-
ner well-known to those skilled in the art.

In accordance with my invention, I connect the field
coils 4 and 5, which are edge-wound copper strips, to
terminal posts 10 and 11, and hence to accumulator rings
14 and 15 through essentially pure nickel strip conductors
8 and 9 which are supported only at the points of con-
nection to the field coils and the terminal posts. I have
found that essentially pure nickel may be brazed to cop-
per without affecting the metallurgy of the nickel in any
manner which would cause embritilement of the nickel
that would lead to fracture and rupture when exposed
to continuous vibration. Furthermore, the nickel strips
8 and 9 have sufficient tensile strength that they will not
rupture when subject to large centrifugal forces, nor will
they rupture due to flexing and vibration induced by air
resistance caused by high rotational speeds.

In accomplishing the connections between the field
coils and the terminal posts in the illustrated embodiment
of my invention, an essentially pure nickel conductor 8
is brazed to an end 17 of a coil of edge-wound copper
5. One end of lead 8 and the portion 17 of the field coil
5 are then wrapped with insulating material, which for
clarity of illustration of the connection is not shown.
When the field coil 5 is placed about the salient pole
which is secured to the rotor, the brazed joint between the
portion 17 of the copper coil and the essentially pure
nickel strip 8 is placed in compression beneath the bot-
tom of the coil 5 and a surface of the rotor. This ar-
rangement is utilized because even though the nickel
strip does not become embrittled due to the brazing op-
eration, the portion 17 of the copper field coil and local-
ized area adjacent to the area of brazing will absorb hy-
drogen and become embrittled, and the manner in which
the brazed area is secured between the coil 5 and the
rotor 1 prevents rupture due to continuous vibration.

To complete the rotor lead connection, lead 8 is prefer-
ably pulled taut and the second end of lead 8 is wrapped
about terminal post 11 and brazed thereto. - The ter-
minal post is preferably a suitable brass or bronze stud
threaded to allow suitable anchoring into the hollow shaft
and insulating therefrom. Conductor strip 9 is connect-
ed between coil 4 and terminal post 10 in the same
manner.

It is to be understood that in machines which do not
have an exciter mounted on the shaft, the nickel leads
may be directly connected to the accumulator rings and
considered a part of the collector assembly unit. This
structure is possible inasmuch as the shaft, without an
exciter, is considerably reduced in length. At the point
where the nickel srtips 8 and 9 are connected to terminal
posts 10 and 11, they would be properly insulated and
secured to the shaft by binding wire.

The essentially pure nickel connector strips have a
tensile strength sufficient to withstand the large centri-
fugal forces exerted thereon, due to the high speed of
rotation of shaft 2. These essentially pure nickel con-
nector strips do not become embrittled due to brazing,
and therefore withstand the continuous vibration to
which they are subjected, Of course the cross-sectional
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area of a nickel strip must be larger than if a copper strip
was used. However, the ratio of the cross-sectional
area of a nickel strip to a copper strip designed for use
in the same dynamoelectric machine is not directly related
by the electrical conductivities of the two metals. I
have found that where previously a copper rotor. connec-
tor strip .020 inch in thickness and .225 inch in width was
utilized, a nickel strip .04 inch in thickness and .312
inch in width will furnish sufficient current- conductivity.
This was rather unexpected, inasmuch as the ratio of
cross-sectional areas of nickel to copper is approximate-
ly 2.8, while the ratio of conductivity of copper to nickel
is approximately 6.3. :

In using the essentially pure nickel rotor leads, it is
important that nickel as pure as is economicaly feasible
be used, inasmuch as the resistance of nickel greatly in-
creases with an increasing percentage of impurities. - Be-
cause of this, I prefer to use what is known at this time
as commercially pure, grade A nickel. At the time of
my invention, nickel so designated might be expected to
be 99.9% pure.

In providing rotor connector leads of commercially
pure nickel, I have furnished a rotor lead connector un-
supported between points of connection which not only
withstands the high centrifugal forces resulting from
high speeds of rotation of the rotating member of a dy-
namoelectric machine, but solves the problem presented
by the rupture of heretofore used copper leads due to
hydrogen embrittlement introduced by brazing. Fur-
thermore, the construction of the rotor connection is
simple, inexpensive and rapidly made, using a minimum
of material and labor. The term “high speed” used in
describing my invention refers to those speeds of opera-
tion at which unsupported copper conductors, of suffi-
cient cross-section to carry a desired .current, elongate
due to centrifugal force and flexing due to air resistance.
with resulting rupture.

While my invention was made in view of the difficulties
and problems presented in high speed alternating current
generators designed for use on aircraft where they are
subject to continuous vibration, it is apparent that my,
solution to the problems encountered there would be ap-
plicable to other installations of dynamoelectric machines
which are operated at extremely high speed and which are
subject to continuous: vibration. Accordingly, it is my
intention to cover all changes and modifications of the ex-
amples of the invention herein disclosed, which do not
constitute departures from the spirit and scope of the. in-:
vention.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A dynamoelectric machine comprising a shaft having.
salient pole pieces mounted thereon with coils formed of
copper thereabout and a current: collector mounted on
said shaft at one end thereof, means for providing an
electrical connection between said current collector and
an end of one of said coils adjacent said current collector
comprising a rectangular cross section strip of essentially
pure nickel brazed at one end thereof to said end of one
of coils and brazed at the other end thereof to means on
said shaft in electrical contact with said current collector,
said nickel strip being unsupported between points of
connection.

2. The apparatus of claim 1 wherein the brazed coil-
strip connection is secured beneath said one coil and said
rotor.

3, In a dynamoelectric machine comprising a shaft
having a rotor thercon of greater diameter than said
shaft, said rotor having salient poles thereon with coils
formed of copper thereabout, a current collector mounted
on one end of ‘said shaft, means providing an electrical
connection between said current collector and an end of
one of said coils adjacent said current collector compris-
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ing a strip of essentially pure nickel brazed at one end
thereof to said end of said coil and mechanicaily secured
on said shaft prior to electrical connection to said current
collector, said nickel strip being unsupported between said
point of connection and said place of securing.

4. The apparatus of claim 3 wherein the brazed coil-
strip connection is secured beneath said one coil and said
rotor.
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